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258 The Journal of Thoracic and CardioObjective: This study was undertaken to demonstrate that gastrointestinal mucosal
injury occurs during cardiopulmonary bypass in children, increasing systemic
inflammatory responses, and to determine whether shen-fu injection (the major
components of which are ginsenosides compound, extract of Panax ginseng shown
to have antioxidant properties) could attenuate gastrointestinal mucosal injury and
subsequent inflammatory responses.
Methods: Twenty-four children undergoing heart surgery for congenital heart de-
fects were randomly assigned to groups C (placebo control, n  12) and G (1.35
mg/kg ginsenosides compound intravenously before and throughout the course of
cardiopulmonary bypass, n  12). Central venous blood samples were taken before
cardiopulmonary bypass and at 60 and 120 minutes after aortic declamping (reper-
fusion). Gastric intramucosal pH was measured by perioperative tonometry. Plasma
lipid peroxidation product malondialdehyde, myocardium-specific creatine kinase
isoenzyme MB activity, diamine oxidase, lipopolysaccharide, and interleukin 6
were all measured.
Results: Significant decrease in gastric intramucosal pH and increase in plasma
diamine oxidase were seen during reperfusion in group C, accompanied by increases
in plasma levels of malondialdehyde, lipopolysaccharide, interleukin 6, and creatine
kinase isoenzyme MB (P  .01 vs before cardiopulmonary bypass). Shen-fu
injection significantly attenuated these changes (P  .05). Consequently, fewer
patients in group G (2/12) than in group C (7/12) needed postoperative inotropic
support. Postoperative intensive care unit stay was shorter in group G than in group
C. A tight positive correlation was seen between diamine oxidase and interleukin 6
at 60 minutes after aortic declamping and between diamine oxidase and lipopoly-
saccharide at 120 minutes after aortic declamping (r  0.79, P  .0001).
Conclusion: Ginsenosides compound may attenuate gastrointestinal injury and in-
hibit inflammatory response after cardiopulmonary bypass in patients with congen-
ital heart disease.
Compromised peripheral perfusion during cardiopulmonary bypass (CPB)and the resulting gastrointestinal mucosal injury leads to a decreased mu-cosal barrier function, which may allow translocation of intestinal flora and
endotoxemia and subsequent increased systemic inflammation.1-3 This may lead to
or further enhance oxidative stress during CPB, resulting in more eventful postop-
erative myocardial functional recovery.
Ginsenosides, extracts of Panax ginseng, have been shown to have antioxidant
properties.4-6 In animal models, ginsenosides, probably primarily the components
Rb and Ro 5, have been shown to protect against myocardial ischemia-reperfusion
injury and oxygen free radical production.7,8 Ginsenosides are normally divided into
two groups according to type of aglycone: the panaxadiol group (eg, Rb1 and Rc)
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Dand the panaxatriol group (eg, Rg1 and Re; for detailed
structures, see reference list4-9). Ginsenosides can undergo
transformation by human intestinal bacteria.10,11 We postu-
lated that the Chinese traditional medicine ginsenosides
compound in shen-fu injection could attenuate myocardial
ischemia-reperfusion injury and enhance postoperative
myocardial functional recovery in patients undergoing heart
operations with CPB. Further, the protective effect of gin-
senosides compound might be attributable to its ameliora-
tion of gastrointestinal mucosal injury and subsequent sys-
temic inflammatory response or to reduction of oxygen free
radical–induced increase in lipid peroxidation.
Studies have shown that endotoxemia is common in
children with congenital heart disease and is associated with
worse clinical outcomes.12 We therefore focused our study
on the effects of ginsenosides compound on CPB-induced
gastrointestinal injury in children undergoing heart opera-
tions for repair of congenital defects. Gastric intramucosal
pH (pHi) and plasma levels of diamine oxidase (DAO) were
used as indices of gastric and intestinal mucosal injury,
respectively. Lipopolysaccharide (LPS) was used as an in-
dex of bacterial endotoxin or endotoxemia.
Patients and Methods
Patient Selection
Permission to conduct this study was given by the ethics commit-
tee of Renmin Hospital, Wuhan, China. Twenty-four children
(cardiac function graded New York Heart Association functional
class II or III) with mild to moderate pulmonary hypertension
scheduled for operative repair of congenital ventricular septal
defect or atrial septal defect were enrolled in this double-blind,
randomized study. Primary assessment of pulmonary hypertension
was based on clinical, radiographic, and echocardiographic evi-
dence of high pulmonary flow. Absolute pulmonary pressure was
measured directly intraoperatively, before CPB. Systemic arterial
blood pressure was measured by radial artery catheterization.
Patients did not receive either antioxidant vitamins (vitamin C and
E) or the cyclooxygenase inhibitor indomethacin before operation.
Anesthesia and Surgical Management
Anesthesia was induced with intravenous infusion of midazolam,
fentanyl, and the muscle relaxant pancuronium and maintained
with fentanyl (40-50 g/kg) plus bolus midazolam when appro-
priate. Patients were ventilated with at fraction of inspired oxygen
1.0 during the procedure. After systemic heparinization, extracor-
poreal circulation was instituted at a perfusion flow rate of 2.2 to
2.6 L/(m2 · min) with moderate hypothermia (28°C-25°C naso-
pharyngeal temperature). Cardiac asystole was achieved with in-
termittent multiple-dose cold St Thomas’ Hospital cardioplegic
solution after continuous application of the aortic crossclamp.
Hematocrit was maintained between 22% and 27% during and
after the operation with packed red blood cells and crystalloid or
colloid solution used to supplement circulating blood volume.
Dopamine and sodium nitroprusside were given during rewarming
until the end of the surgery. Postoperative inotropic support was
The Journal of Thoracidefined as the use of dopamine with or without concomitant
application of epinephrine for 30 minutes or longer during the first
12 postoperative hours. The indication for inotrope administration
was mean radial arterial blood pressure less than 60 mm Hg. For
a better comparison between study groups, absolute doses of
dopamine were recorded. All operations were performed by the
same surgical team, and physicians working in the operating room
and the intensive care unit were blinded to treatment protocols.
The decisions for extubation and discharge from the intensive care
unit were made according to preset criteria.
Experimental Protocol
Eligible patients were randomly allocated to two groups after
anesthesia induction and before surgery: group C (control, n 12)
and group G (ginsenosides treatment, n  12).
Shen-fu injection (Sanjiu Medicine Company, Shenzhen,
China) contains 0.9 mg ginsenosides and 0.1 mg aconite alkaloid
per milliliter. It was injected intravenously into patients in group G
at a dosage of 0.5 mL/kg 2 minutes before the start of CPB and
completed in 5 minutes. This was followed by a continuous infu-
sion of shen-fu at a dosage of 1.0 mL/kg throughout the course of
CPB. For continuous infusion, shen-fu was diluted in double
volumes of saline solution (1:2 volume/volume dilution), and the
diluted solution was infused at the rate of 0.04 mL/(kg · min) by a
Grasby pump. The total dosage of shen-fu applied to group G
patients was 1.5 mL/kg (equal to 1.35 mg/kg ginsenosides and 0.15
mg/kg aconite alkaloid). Patients in group C received equal vol-
umes of saline solution placebo.
Blood samples were taken from a central venous cannulation at
three time points: after anesthesia induction and before CPB (pre-
CPB), 60 minutes after aortic declamping (reperfusion 60), and
120 minutes after aortic declamping (reperfusion 120). Gastric pHi
was measured by perioperative tonometry.
Blood samples were collected in duplicate. One part of each
blood sample was processed on the same day for myocardium-
specific creatine kinase MB (CK-MB) activities and the lipid
peroxidation product malondiadehyde (MDA) content. Another
part was immediately centrifuged, and the plasma was frozen at
70°C and stored until assay for LPS, interleukin 6 (IL-6), and
DAO.
Bioassays
Plasma MDA and CK-MB were measured by chemical analysis
with commercial kits (Nanjing Jiangzheng Biological Engine In-
stitute, Nanjing, China) as previously described.13 Values of LPS,
expressed as endotoxin units per milliliter of plasma (EU/mL), was
measured by chromogenic Limulus amebocyte lysate as described
by Saraf and colleagues.14 Plasma DAO was measured with the
method described by Klocker and coworkers,15 and IL-6 was
detected with chemiluminescent enzyme immunoassay commer-
cial kits (Fujirebio, Tokyo, Japan). All biochemical assays were
performed in duplicate. The measurements of LPS, DAO, and IL-6
were performed in the laboratory of the Trauma Surgery Institution
of 304 Hospital of People’s Liberation Army, Beijing, China.
Samples were coded, and the laboratory investigator was blinded
with regard to the study groups.
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DStatistical Analysis
All continuous data were expressed as mean  SEM. Statistical
evaluation of patient files and perioperative data were performed
by unpaired Student t test or 2 test as appropriate. Between-group
and within-group differences of bioassay data were analyzed with
2-way analysis of variance with repeated measures and Bonferroni
corrections (Prism; GraphPad Software, Inc, San Diego, Calif) as
appropriate. Correlations were evaluated by the Pearson test.
Results
Patient Profile and Perioperative Data
Patient demographic and perioperative data are presented in
TABLE 1. Patient profile and perioperative data
Age (y)
Mean  SEM
Range
Sex (male/female)
Weight (kg, mean  SEM)
Congenital heart defect (VSD/ASD)
CPB time (min, mean  SEM)
Aortic crossclamp time (min, mean  SEM)
Post-CPB inotropes (yes/no)
Dose of dopamine used (mg/kg, mean  SEM)
Postoperative extubation (h, mean  SEM)
Postoperative ICU stay (d, mean  SEM)
Postoperative hospital stay (d, mean  SEM)
VSD, Ventricular septal defect; ASD, atrial septal defect; CPB, cardiopulmon
t test).
TABLE 2. Perioperative hemodynamic data
Preoperative
SBP (mm Hg)
Group C 105.8 3.4
Group G 110.2 3.4
DBP (mm Hg)
Group C 68.9 2.2
Group G 70.7 2.7
MAP (mm Hg)
Group C 81.2 2.5
Group G 84.2 2.9
Heart rate (beats/min)
Group C 89 3
Group G 87 2
Rate-pressure product
Group C 9449 469
Group G 9628 258
Mean PAP (mm Hg)
Group C 31.5 1.6
Group G 33.3 1.4
All data are mean  SEM (n  12 per group). SBP, Systolic blood pressur
artery pressure. *P  .05 versus preoperative value. †P  .05 versus groTables 1 and 2. Patients were similar in terms of age, body
260 The Journal of Thoracic and Cardiovascular Surgery ● Auguweight, diagnosis, preoperative systemic and pulmonary
arterial pressures, durations of CPB and aortic crossclamp-
ing, and overall postoperative hospital stay. Dosages of
heparin were also similar between groups. After aortic
declamping, all patients were transiently (for less than 5-10
minutes) given dopamine to assist circulation. Seven pa-
tients in group C (7/12) needed sustained postoperative
inotropic support, versus 2 patients in group G (2/12, P 
.05). One patient in group C needed concomitant application
of dopamine and epinephrine. There was no echocardio-
graphic evidence of residual defect in patients who needed
Group C (n  12) Group G (n  12)
12.9 0.6 12.6 0.8
(10-15) (8-15)
5:7 6:6
39.6  3.1 40.0 3.6
11:1 10:2
77.2 4.3 75.6 4.0
44.4 2.7 41.2 2.5
7:5 2:10*
32.9 3.3 16.8 2.2*
10.8 0.7 6.3 0.2*
3.3 0.2 2.4  0.2*
13.9 0.3 13.2 0.2
ypass; ICU, intensive care unit. *P .05 versus group C (2 test or Student
Reperfusion 60 Reperfusion 120
89.7  1.8* 95.7 2.3*
95.3 2.3*† 106.7 2.8†
55.7  2.1* 59.9 2.1*
61.7 2.0*† 69.0 2.4†
67.1 1.9* 71.8 2.1*
72.9 2.0*† 81.9 2.5†
102 3* 96 3
93 2.0† 88 2†
9158 309 9192 301
8812 259* 9377 257
— —
— —
P,diastolic blood pressure; MAP, mean arterial pressure; PAP, pulmonaryary be; DBpostoperative inotropic support in either group. The post-
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Doperative durations of mechanical ventilation (6.3  0.2
hours in group G vs 10.8  0.7 hours in group C, P  .01)
and intensive care unit stay were significantly shorter in
group G than in group C. Most patients were discharged
within 2 postoperative weeks.
Post-CPB Hemodynamic Changes
As shown in Table 2, at reperfusion 60, systolic blood
pressure (SBP), diastolic blood pressure (DBP), and mean
arterial pressure (MAP) were lower than the corresponding
pre-CPB values in both groups (P  .05). This change was
accompanied by a significant increase in heart rate in group
C but not in group G. At reperfusion 120, SBP, DBP, and
MAP in group G (but not in group C) returned to pre-CPB
levels and were significantly higher than those in group C.
Notably, at reperfusion 60, the rate (heart rate) and pressure
(SBP) product, an indirect index of myocardial oxygen
demand, was significantly decreased in group G, but not in
group C relative to pre-CPB values. Still, blood pressures in
group G were significantly higher than those in group C at
reperfusion 60.
Plasma Levels of MDA and CK-MB
Preoperative levels of MDA (Figure 1, A) did not differ
between groups. MDA in group C but not in group G
increased significantly during reperfusion relative to pre-
CPB levels. Levels of CK-MB were significantly enhanced
during reperfusion in both groups relative to pre-CPB val-
ues, but the values were lower in group G than in group C
at reperfusion 60 and reperfusion 120 (P  .05 or 0.01).
Gastric pHi and Plasma Levels of DAO, LPS, and IL-6
Gastric pHi values in group C (mean  SEM 7.37  0.01)
and group G (7.36  0.01) were not different at pre-CPB
(Figure 1, A). Values decreased to 7.17  0.02 at reperfu-
sion 60 and 7.20 0.01 at reperfusion 120 in group C (P
.001 vs pre-CPB) and were significantly lower than the
corresponding values in group G (7.30  0.01 at reperfu-
sion 60 and 7.32  0.01 at reperfusion 120, P  .001 vs
group C). Levels of plasma DAO (Figure 2, B) were sig-
nificantly increased at reperfusion 60 and maintained ele-
vated at reperfusion 120 in both groups (P .01 or P .05
vs pre-CPB). DAO levels at reperfusion 60 and reperfusion
120 in group G were lower than those in group C (P  .05
and P  .01). During reperfusion, the increases in plasma
levels of LPS (Figure 2, C) and IL-6 (Figure 2, D) in group
C mirrored the changes of plasma DAO. Treatment with the
ginsenosides compound shen-fu attenuated the significant
increases of LPS and IL-6 seen in group C.
Correlation Analysis
As shown in Figure 3, an inverse correlation between gastric
pHi and plasma DAO (r  0.73, P  .0001) and a
positive correlation between plasma DAO and LPS (r 
The Journal of Thoraci0.79, P  .0001) were observed at reperfusion 120. Also, a
tight positive correlation was seen between plasma LPS and
IL-6 levels at reperfusion 60 (r  0.64, P  .0007). How-
ever, a correlation between gastric pHi and plasma LPS or
IL-6 was not detected. Figure 4 depicts an overall tight
positive correlation between plasma levels of DAO and IL-6
at reperfusion 60 (r  0.79, n  24, P  .0001), although
this relationship is largely a reflection of the correlation
between DAO and LPS in group C (r  0.77, n  12, P 
.004).
Discussion
Our study is the first to investigate the effects of a novel
therapeutic approach on the relationship of gastrointestinal
tract injury, systemic inflammatory response, and postoper-
ative myocardial functional recovery after cardiac surgery
in patients with congenital heart disease. The major findings
include the following: (1) Gastrointestinal tract injury is
apparent in children undergoing heart operations with CPB,
as evidenced by significant decrease of gastric pHi and
increase in plasma DAO, accompanied by elevated plasma
levels of LPS and IL-6 and post-CPB myocardial cellular
damage. (2) The tight correlations detected between plasma
levels of DAO and LPS as well as IL-6 suggest intestinal
Figure 1. Variations in perioperative plasma levels of MDA (A)
CK-MB (B). Rep-60 =, Reperfusion 60; Rep-120 =, reperfusion 120.
Asterisk indicates P < .05 or P < .01 vs pre-CPB; crosshatch
indicates P < .05 or P < .01 vs group C).mucosal injury as a potential cause of elevated systemic
c and Cardiovascular Surgery ● Volume 130, Number 2 261
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Dendotoxemia and inflammatory response during CPB, as
least in children.
DAO, formerly called histaminase, is found in various
tissues but is especially active in the intestinal mucosa. Its
function is the oxidative deamination of several polyamines,
essential substances for cell proliferation. DAO is thus a
regulatory enzyme in rapidly proliferating tissues such as
intestinal mucosa. DAO is normally present in very small
amounts in the circulation, and its basal plasma levels are
positively correlated with the maturity and integrity of the
intestinal mucosa. Circulating DAO has been documented
to be elevated in intestinal ischemia.25 Measurement of
plasma DAO activity can therefore be used as an index of
intestinal mucosal ischemia. Recently, it has been reported
that serum DAO is increased in patients undergoing coro-
nary artery bypass grafting with CPB and is accompanied
by systemic endotoxemia.16 Our study confirms and extends
the findings of Tsunooka and colleagues16 in children. Fur-
ther, the results from our study suggest that intestinal mu-
cosal injury not only may be a cause of systemic endotox-
emia, as evidenced by the increase in plasma levels of LPS,
but also may be responsible for the increase in systemic
cytokines such as IL-6, as measured in this study. The
elevations of plasma LPS and IL-6 mirrored the increase of
plasma DAO in group C and group G. This may suggest that
treatments designed to prevent intestinal mucosal injury
during CPB could also be a good choice of therapy in an
effort to attenuate systemic inflammatory responses.
Ginsenosides compound significantly reduced plasma
levels of MDA, a commonly used index of lipid peroxida-
tion, during reperfusion (Figure 1, A). This should have
contributed in part to the attenuated myocardial cellular
damage and facilitated postoperative myocardial functional
recovery seen in group G. Oxygen free radical–induced
lipid peroxidation has been reported to adversely influence
postoperative myocardial functional recovery in patients
undergoing cardiac surgery with CPB.17 Ginsenosides com-
pound’s antioxidant property may also be a factor leading to
the attenuation of gastrointestinal injury observed in group
G. Experimental studies have shown that oxygen free radicals
exacerbate gastrointestinal mucosal ischemia-reperfusion
injury and that this damage is preventable by oxygen free
radical scavengers.18,19
A statistically significant correlation between gastric in-
tramucosal acidosis (decrease in values of pHi), a reflection
of gastric intramucosal ischemic injury, and plasma DAO
suggests that during CPB gastric and intestinal mucosal
ischemic injury occur concomitantly. Consequently, mea-
surement of plasma DAO might be used as surrogate of
gastric pHi, at least in the current clinical setting. Given the
large surface area of the intestinal mucosa, because of the
extensive network of the villi, intestinal mucosal injuryFigure 2. Variations of perioperative gastric pHi (A) and plasma
levels of DAO (B), LPS (C), and IL-6 (D). Rep-60 =, Reperfusion 60;
Rep-120 =, reperfusion 120. Asterisk indicates P < .05 or P < .01during CPB may have a more significant impact than gastric
st 2005
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Dmucosal injury on systemic endotoxemia and increase of
inflammatory response seen in this study.
IL-6 is generally considered a nonspecific marker of
inflammation. Its formation is increased with endotoxemia
and after CPB.18,19 Increased plasma levels of IL-6 have
been reported to be associated with compromised postop-
erative myocardial functional recovery in patients undergo-
ing cardiac surgery with CPB.20 In our study, treatment with
ginsenosides compound reduced postoperative IL-6, atten-
uated postoperative myocardial cellular damage (as evi-
denced by significant reduction in plasma levels of CK-
MB), and facilitated myocardial functional recovery. This
might be a consequence of attenuated gastrointestinal injury
and endotoxemia, because circulating endotoxin is a main
factor triggering inflammatory responses.
Heparin is known to cause immediate rise in plasma
DAO activity that peaks within 30 to 60 minutes after
heparin injection, decreasing gradually after that.24 In our
study, blood was sampled 60 and 120 minutes after aortic
declamping. This should have minimized, if not avoided,
the potential confounding factor of heparin effect on DAO
release.
It should be noted that although the major component of
shen-fu used this study is ginsenosides compound, aconite
alkaloid (another component of shen-fu) has also been shown
to be protective against myocardial ischemia-reperfusion
injury.21 Shen-fu is more cardioprotective than its separate
components ginsenosides compound and aconite alkaloid.21
It is also noteworthy that the rate-pressure product (an index
Figure 4. Relationship between plasma levels of IL-6 and DAO at
reperfusion 60 (rep-60) in groups C (solid triangles) and G (open
diamonds). Overall tight positive correlation is seen between
DAO and IL-6 (r 0.79, 95% confidence interval 0.5758-0.9073, n
24, P < .0001). This relationship largely reflects correlation be-
tween DAO and LPS in group C (r  0.77, 95% confidence interval
0.3490-0.9317, n  12, P  .004). No such relationship is seen in
group G (P  .6).Figure 3. Relationship between plasma gastric pHi and DAO at
reperfusion 120 min (rep-120; top), between plasma DAO and LPS
at reperfusion 120 (middle), and between plasma LPS and IL-6 at
reperfusion 60 (rep-60; bottom) in groups C (solid triangles) and G
(open diamonds). Inverse correlation between gastric pHi and
plasma DAO (r  0.73, 95% confidence interval 0.9749 to
0.4605, P < .0001) and positive correlation between plasma
DAO and LPS (r  0.79, 95% confidence interval 0.5662-0.9447, P
< .0001) were observed at reperfusion 120. Also, tight positive
correlation is seen between plasma LPS and IL-6 at reperfusionof myocardial oxygen demand) in group G but not in group
c and Cardiovascular Surgery ● Volume 130, Number 2 263
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DC was significantly reduced at reperfusion 60 relative to its
pre-CPB values. Patients in group G maintained high levels
of blood pressure (SBP, DBP, and MAP) relative to group
C at reperfusion 60. Ginsenosides have been shown to
stimulate nitric oxide release.7 This is a potential mecha-
nism whereby shen-fu increased myocardial oxygen use ef-
ficiency during early reperfusion and deserves further study. A
recent study shows that nitric oxide contributes to oxygen
demand-supply balance in hypoperfused myocardium.22
In summary, results from our study indicate that gastro-
intestinal injury and endotoxemia are common in children
undergoing heart operations to correct congenital heart dis-
ease. Shen-fu, the major component of which is ginsen-
osides compound, inhibits inflammatory response after car-
diopulmonary bypass in patients with congenital heart
disease, which should favor postoperative myocardial func-
tional recovery. The beneficial effects of shen-fu may be
attributable in part to its effects in alleviating the intestinal
mucosal epithelial cell injuries and cytokine release nor-
mally seen with ischemia-reperfusion.23 The mechanisms of
shen-fu’s cardioprotection remain to be elucidated.
We are grateful to Dr Yao Yongming, Trauma Surgery Central
Laboratory of 304th Hospital of PLA, Beijing, China, for his help
in performing bioassays for LPS, IL-6, and DAO.
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